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Abstract 
The present study aims to compare the performance in batch test of TSP and SSP fertilizer manufacturing from different grades of Down 
Stream phosphate compared to standard qualities. The results showed the technical feasibility of manufacturing these fertilizers from DS 
rock phosphates tested, however obtaining a TSP according to commercial specifications, requires grinding of phosphate DS to a fineness 
such as  90% passing 160ȝm. 
The study demonstrated the feasibility of manufacturing these fertilizers from DS phosphates, however, to get fertilizers that comply 
completely with the commercial specifications it is necessary to grind them such as 90% passes at 160 ȝm. 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Selection and /or 
peer-review under responsibility of the scientific committee of SYMPHOS 2011. 
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1. Introduction 
Single and triple superphosphates are simple fertilizers containing only one nutrient, phosphorus. they are an excellent 
source of phosphorus for plant nutrition; whole partofP2O5contained in these fertilizers is water soluble, because its main 
compound is monohydrate calcium phosphate. 
In the framework of the "Down Stream" project, we conducted laboratory scale trials to produce SSP and TSP fertilizers 
from Down Stream grades A and B and compared them with standard grades A and B. 
The present study’s objective is to evaluate the performances of SSP and TSP manufacturing from the phosphate rocks 
mentioned above. Tests using different grades of phosphate were done in batch based on the theoretical acidulation rates in 
the TSP case, and the theoretical wetting rate in the SSP case, both calculated from corresponding empirical formulas from 
the chemical composition of phosphates studied. 
Production trials of SSP&TSP fertilizers from these phosphates were conducted to examine in particular the physico-
chemical properties of the manufactured TSP and SSP during curing. 
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Results and discussion  
2. Characteristics of phosphate qualities 
2.1. Chemical characterization of materials studied 
Chemical analysis of phosphates samples used in this study are reported in Table1. It shows in particular that the 
phosphate D.S differs slightly from standard phosphates by SiO2 and P2O5contents, in fact, the addition of bentonite leads to 
a slight decrease of P2O5 content and a slight increase of SiO2 content. 
Table1. Chemical characterization of studied phosphates 
measured Elements in % 
A B 
Std DS Std DS 
P2O5 31,65 30,98 31,57 30,73 
CaO 51,59 48,51 51,87 49,35 
MgO 0,31 0,36 0,36 0,41 
SO3 1,36 1,29 1,33 1,33 
Fe2O3 0,28 0,26 0,16 0,19 
Al2O3 0,56 0,76 0,29 0,48 
K2O 0,07 0,08 0,04 0,05 
Na2O 0,76 0,76 0,85 0,86 
F 3,90 3,88 3,93 3,89 
SiO2 (T) 3,54 3,88 1,53 2,51 
CO2 5,57 5,24 6,52 5,24 
Org. C  0,17 0,18 0,15 - 
As 12 15 12 15 
Cd 16 16 25 23 
Cl- (T) 208 - 163 256 
2.2. Size analysis of studied phosphates 
The fineness required for the manufacture of TSP and SSP fertilizers is such us80% passes at160microns, in order to 
meet this criterion, standard and D.S phosphates were ground. The particles size distributions obtained after grinding are 
summarized in Table2 below. 
Table 2: size analysis of different studied qualities. 
 A Std A DS B Std B DS 
sizes (µm) % O.S %C.P %  O.S % C.P %  O.S %P.C %  O.S %P.C 
above 200 3,72 100,00 0,21 100 2,07 100 0 99,79 
160-200 8,36 96,28 4,51 99,79 10,37 97,93 2,73 99,79 
125-160 26,37 87,92 10,73 95,28 31,63 87,56 1,.64 97,06 
100-125 15,15 61,55 11,72 84,55 16,56 55,93 14,29 84,42 
80-100 19,50 46,40 9,64 72,83 9,88 39,37 11,84 70,13 
63-80 13,49 26,90 6,63 63,19 6,63 29,49 8,02 58,29 
50-63 6,06 13,41 5,49 56,56 7,98 22,86 5,92 50,27 
40-50 5,18 7,35 4,25 51,07 12,65 14,88 4,55 44,35 
below 40 2,17 2,17 46,82 46,82 2,23 2,23 40,01 40,1
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% O.S: oversize 
% C.P: cumulative passing 
3. TSP manufacturing  
For the manufacture of triple superphosphate, the acidulation rate (AR) is theoretically calculated from the chemical 
composition of the ore using the formula below. 
M =  2.53 %CaO  +  1.17 %MgO  +  0.76 %Na2O + 0.89 %Fe2O3  +  1.39 % Al2O3-  %P2O5  -  1.17 %SO3   -  3.74 %F- 
Where M is the amount in  grams of P2O5 of phosphoric acid required for the attack of 100 g of phosphate. Table3 
summarizes the theoretical AR calculated for the different grades studied. 
Table 3: Theoretical Acidulation Rates of studied grades. 
M (g) Theoretical acidulation 
rates 
Standards qualities studied 
A  STD 84.59 2.67 
B STD 85.37 2.71 
DS Qualitiesstudied 
A  DS 78.06 2.52 
B  DS 79.90 2.60 
TARs for D.S grades are slightly lower than those of standard grades due to the dilution by the addition of  bentonite. 
The TSPs made on the basis of these TARs, display chemical characteristics grouped in Tables 4 and 5 below. 
Table 4: Monitoring curing of TSP fertilizer from standard "A" quality. 
REF Curing time 
%P2O5 
WS 
%P2O5 
WS+C 
%P2O5 
total 
% H2O 
% free 
Acidity 
% 
WS/WS+C 
% 
WS/T 
% 
WS+C/T 
%C.R 
A 
Std 
1st day 44,83 46,85 48,69 7,84 4,88 95,7 92,1 96,2 86, 1 
7th day 44,20 46,22 48,11 2,41 2,24 95,6 91,9 96,1 85,6 
15th day 45,23 47,14 48,86 2,06 1,22 95,9 92,6 96,5 87,1 
A 
DS 
1st day 43,36 45,00 48,11 5,89 2,10 96,4 90,1 93,5 77,2 
7th day 43,97 45,49 48,13 3,35 1,36 96,0 91,4 94,5 80,7 
15th day 43,90 46,35 48,10 3,14 0,91 96,4 91,3 96,4 87,2 
21st day 44,06 46,27 48,05 3,00 0,85 95,2 91,7 96,3 87,0 
It appears from these tables that the TSP products obtained from the various grades studied (Down Stream and 
Standards), characterized by the EEC method, have the following chemical properties: 
• Total P2O5content average is higher than 48%. 
• Phosphate "A" leads to a TSP with an average Total P2O5of about48.55% for Standard grade and 48.10% for the Down 
Stream grade. 
• Phosphate "B" leads to a TSP with an average Total P2O5 of about 48.96% for Standard quality, and 48.18% for the 
Down Stream quality  
• Solubilization yields above 96.0% after 15 days of curing. 
• Conversion rates of around 87.0% After 15 days of curing. 
• An acidity of less than 2.0% after 15 days of curing, for all grades studied. 
• The impact of the bentonite addition on the production of TSP led to a decrease in the total P2O5  between 0.44 and 
0.78%. 
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4. SSP manufacturing  
For the manufacture of single superphosphate, the theoretical wetting is calculated from the chemical composition of the 
ore and the empirical formula below (2) 
(2)  M = 1.75 % CaO + 2.46 % MgO + 1.58 %Na2O + 1.22 % Fe2O3 + 1.92 % Al2O3- 0.69 % P2O5 - 1.22 % SO3 - 1.55 % F- 
Where M is the amount in  grams of H2SO4 necessary for the attack of 100 g of phosphate. 
Table 5: theoretical wettings of studied qualities 
The theoretical wettings related to DS grades are slightly lower than those of standard grades due to dilution by the 
addition of bentonite. 
The SSP fertilizers made on the basis of these theoretical wettings, display chemical characteristics grouped in Tables 6 
and 7 below. 
Table 6: Chemical characterization of SSP made from standard grades and Down Stream "A" by the EEC method 
Curing time (%) P2O5 WS 
(%) 
P2O5 
WS+C 
(%) 
P2O5 
TOTAL 
(%) 
Free Acidity 
(%) 
H2O 
(%) 
WS/WS+C 
(%) 
WS/T 
(%) 
WS+C/T 
A Std 
01st day 17,97 18,45 19,33 6,09 8.50 97,4 92,9 95,4
07th day 18,32 18,76 19,61 4,34 4.15 97,6 93,4 95,7
15th day 18,09 18,64 19,33 3,39 2.40 97,1 93,6 96,4
21st day 18,49 18,89 19,58 1,76 2.30 97,9 94,5 96,5
A DS 
1st day 17,24 17,99 19,51 6,81 7,94 95,9 88,4 92,2 
7th day 17,75 18,21 19,49 3,77 4,56 97,5 91,1 93,4 
15th day 18,23 18,55 19,65 3,81 2,75 98,3 92,8 94,4
21st day 18,18 19,08 19,76 3,40 2,08 95,4 92,0 96,6
theoretical wetting M gH2SO4 
/100 g phosphate 
Standards qualities studied 
A Std  64,04 
B Std  64,37 
DS Qualities studied 
A  DS  59.79 
B  DS  61.03 
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Table 7: Chemical characterization of SSP made from standard grades and Down Stream "B" by the EEC method 
Curing time 
 (%) 
P2O5 WS 
(%) 
P2O5 
WS+C 
 (%) 
P2O5 
TOTAL 
(%) 
Free Acidity 
(%) 
H2O 
 (%) 
WS/WS+C 
(%) 
WS/T 
 (%) 
WS+C/T 
B Std 
01st day 17,86 18,16 19,37 5,26 6,27 98,4 92,2 93,7
07th day 18,06 18,39 19,46 4,87 4,33 98,2 92,8 94,5
15th day 18,00 18,25 19,30 3,93 3,48 98,6 93,3 94,5
21st day 17,68 18,03 19,06 3,45 2.24 98,1 92,8 94,6
  B DS 
1st day 18,04 18,48 19,16 8,07 12,10 97,6 94,1 96,4
7th day 17,49 18,26 18,84 2,53 2,66 95,8 92,8 96,9 
15th day 18,65 18,71 19,27 5,38 4,15 99,7 96,8 97,1
21st day 18.66 18.72 19.26 3.29 2.07 99.7 96.9 97.2
It appears from these tables that the SSP products obtained from different grades studied (Down Stream and Standards), 
characterized by the EEC method, have the following chemical properties: 
• P2O5 WS P2O5content of the obtained SSPs are all higher than 16% from the very first days of curing. 
• Phosphate "A" leads to an SSP with a average total P2O5 content of about 19.46% to 19.60% for Standard quality and 
Down Stream grades respectively. 
• Phosphate "B" leads to an SSP with an average Total P2O5 content of about 19.30% to 19.09% for Standard grade and 
Down Stream grade respectively.
• WS P2O5 is at least 95% of the WS+C P2O5 for all the studied grades and after1 day of curing. 
• Attack yields or yields of solubilization for all grades are between 94.4% and 97.1% after 15 days of curing. 
• Acidity free acidity less than 4% after 21 days of curing for all grades studied. 
Conclusion
This study aims to examine the possibilities of the phosphates down stream valorization in the manufacture of 
superphosphate. The results demonstrate the technical feasibility of production of TSP and SSP from tested phosphate 
rocks. 
Indeed, after 15 days of curing, the TSP products comply with the commercial specifications stipulating a WS P2O5
43%, WS+C P2O5 46%, a Total P2O547%, an Acidity 2.0% and an H2O  3.5%  
Also, all TSPs obtained respect the European standards on the solubility of TSP since the first day, which states: 
• P2O5 WS+C ≥ 38 % 
• P2O5 WS/ P2O5 WS+C ≥ 93 % 
Similarly, the SSP products already respected the European standards on the solubility of SSP since the fifteenth day, 
which states:  
A P2O5 (Total - WS+C)  ≤2%, aP2O5WS+C≥16%, a P2O5WS/P2O5WS+C≥93%. Indeed, the maximum difference 
between the Total P2O5 and WS+C is less than 2%, P2O5 WS+C is greater than18.5% and the ratio WS P2O5/ WS+C P2O5 is 
about 96.0%. 
